Objective: Traumatic life histories are highly prevalent in people living with HIV/AIDS and predict sexual risk behaviors, medication adherence, and all-cause mortality. Yet the causal pathways explaining these relationships remain poorly understood. We sought to quantify the association of trauma with negative behavioral and health outcomes and to assess whether those associations were explained by mediation through psychosocial characteristics.
T raumatic life experiences such as childhood sexual and physical abuse are recognized as having profound and far-reaching implications for health and health-related behaviors. 1 Early research on childhood trauma documented elevated rates of a range of psychological disorders in survivors of childhood sexual and physical abuse. Later studies have extended these findings, first by considering a wider range of lifetime traumatic experiences 1 and second by demonstrating associations of traumatic exposure with harmful health behaviors (high-risk sexual behaviors, poor adherence to medical treatments) and increased somatization, poorer health outcomes, and higher mortality rates. [2] [3] [4] These associations are particularly pronounced and consistent in medically ill populations, including people living with HIV/AIDS. [5] [6] [7] Although this literature suggests far-reaching health consequences of childhood traumatic experiences, a theoretical understanding of the causal pathways through which pasttrauma influences later health behaviors and outcomes is incomplete. Proposed causal mediators include both psychosocial and physiologic responses to trauma. 6 Briere et al suggest that childhood sexual and physical abuse can impact psychological symptoms into adulthood. 2, 3, 8 Other research postulates that traumatization, especially early in life, can have a direct effect on physiologic processes including suppressing immune function. 6 However, empirical tests of the causal models relating trauma to health outcomes are rare.
The purpose of the present article is 2-fold. First, drawing on data from a large cohort of patients receiving outpatient care for HIV infection with detailed information on traumatic exposure, psychosocial characteristics, health care utilization, health behaviors, and health outcomes, we document elevated rates of a range of deleterious outcomes associated with lifetime trauma exposure. Second, we empirically test the extent to which these observed associations between trauma and later outcomes can be explained by mediation through psychosocial pathways to extend our understanding of the causal mechanisms underlying these relationships.
METHODS

Study Design and Sample
This article draws on data from the Coping with HIV/ AIDS in the Southeast (CHASE) Study, an observational cohort study designed to describe and explore the associations between psychological characteristics, health behaviors, and health outcomes in HIV-infected patients engaged in medical care. The CHASE Study sampling and recruitment procedures have been described in detail previously. 9, 10 In brief, 611 consecutively sampled HIV-infected patients (79% of those meeting eligibility criteria and approached) receiving care at 1 of 8 infectious diseases clinics in 5 US states (AL, GA, LA, NC, SC) in 2001-2002 enrolled in the study. Patients completed detailed interviews at baseline and approximately 9, 18, and 27 months postbaseline. The resulting sample closely matched the epidemiologic profile of HIVinfected individuals in the source states in demographic and risk group characteristics. 9 Each of a previous set of publications from the CHASE Study focused on a different behavioral or health outcome or set of outcomes (adherence; health care utilization; disease progression; mortality). In each case, trauma emerged as an important predictor even after controlling for various sociodemographic, clinical, and psychosocial covariates. [10] [11] [12] [13] The purpose of the present article is to apply a uniform analytic approach across a range of outcomes to specifically test the explanatory power of psychosocial characteristics as mediators of the association of trauma with health behaviors and outcomes.
Mediation Analysis
The analysis plan follows a classic multiple-step mediation analysis approach, represented in simplified form in Figure 1 . [14] [15] [16] [17] Mediation analysis has been widely applied in psychosocial research and is gaining increasing attention in biomedical applications. 18, 19 Mediation analysis focuses on separating an observed association-a total effect-into an indirect effect (the portion that operates through 1 or more specified mediators or causal pathways) and a direct effect (the portion that does not operate through those mediators). The analysis approach evaluates the hypothesis that a given set of mediators explains the causal pathways through which an exposure affects an outcome or conversely the extent to which an exposure has a persistent association with an outcome independent of the casual pathways represented by the mediators. In contrast to a confounder, a mediator is explicitly on the causal pathway between exposure and outcome-part of the mechanism that transmits the exposure's effect on the outcome.
Mediation analysis begins with the specification of the hypothesized causal relations among the variables being considered (Fig. 1) . By definition, a mediator must be caused by the exposure (path a), and in turn must affect the outcome (path b). The core of the analysis focuses on a comparison of path c (Fig. 1A) to path c' (Fig. 1B) . Path c is estimated from a model including only potential confounders (covariates not on the causal pathway) and represents the total effect of the exposure on the outcome. Path c' is estimated from a model adjusting both for confounders and hypothesized mediators and represents the direct effect of the exposure on the outcome as follows: that portion of the total effect that does not operate through the mediators. If the total effect and the direct effect are comparable in magnitude, one concludes that the hypothesized mediators do not mediate the exposure-outcome relationship. If the total effect indicates an association, but the direct effect is null, one concludes that the mediators completely explain the association: the exposure only affects the outcome by way of the mediators included in the model. If the direct effect is attenuated relative to the total effect, but still indicates some association, one concludes that the mediators represent part but not all of the causal pathways through which the exposure affects the outcome.
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Model Specification
Our focus in the present analysis was, first, to estimate the association of lifetime trauma history with each of a set of HIV-related behavioral and health outcomes-path c, total effects-and second, to estimate the association that remained after adjusting for a set of hypothesized mediators-path c', direct effects (Fig. 1) . We hypothesized that the effect of lifetime trauma history on behaviors and health outcomes would be mediated through current psychosocial characteristics including coping styles, self-efficacy, social support, trust in the health care system, recent stressful life events, and current depressive symptoms, Posttraumatic stress disorder (PTSD) symptoms, and substance use. We first developed a causal diagram to depict the hypothesized temporal ordering and causal relationships between all the variables under consideration. We conceptualized the mediators as occurring in 3 stages (trait-like characteristics, recent events, current mental health). Figure 1 is a simplified version of this diagram for ease of communicating the primary message. Our causal diagram indicated that adjustment for all variables in the Confounders box in Figure 1 would be sufficient to estimate the total effect c, and further adjustment for all variables in the Mediators box in Figure 1 would be sufficient to estimate the direct effect c' that was not mediated through those variables.
Measures
Number of Categories of Lifetime Traumatic Events
The psychosocial trauma measure, adapted from prior research, included sexual abuse, severe physical trauma, childhood physical and emotional neglect, and other traumatic experiences. [20] [21] [22] [23] We defined sexual abuse to include sexual experiences (eg, touching, intercourse) where force or threat of force was used; however, in children (,13 years), the threat of force or harm was implied by a 5-year age differential between the victim and perpetrator. We defined physical abuse as incidents separate from sexual abuse that were perceived to be life threatening (being physically attacked with the intent to kill or seriously injure) and other physical abuse (being beaten, hit, kicked, bit, or burned). Childhood physical and emotional neglect were measured with the childhood trauma questionnaire and scored using the cutoffs suggested by Bernstein and Fink for moderate physical neglect ($9) and moderate emotional neglect ($12). 20 Other traumas before age 18 were parental alcohol/drug abuse, depression, suicide, or attempted suicide; imprisonment of a parent; domestic violence in the home; being placed in reform school, prison, or jail, or foster or adoptive care; death of an immediate family member; and having a life-threatening illness or injury not related to HIV. Lifetime traumas included murder of a close family member, death of a child, death of a spouse/partner, and other similar traumas specified by the subject and later assessed by one of the authors (J.L.) to be similar in severity to those listed above. Participants were assigned a score from 0 to 15 reflecting the number of types of traumatic events experienced in their lifetime. This specification of the number of types of traumatic events experienced has been used widely and has been associated with multiple negative health outcomes. 4, 10, 12, 24, 25 Outcome Variables
Focusing on health-related behaviors and physical health outcomes, we examined 4 following domains of outcome variables: reported sexual risk behaviors, antiretroviral medication adherence, health care utilization, and physical health. Sexual risk behavior over the past 9 months was dichotomized as any self-reported sexual intercourse without a condom (dichotomous). The medication adherence measure was derived from the Patient Care Committee and the Adherence Working Group of the Outcomes Committee of the Adult AIDS Clinical Trial Group 26 and has been described in detail previously. 12 Patients were considered nonadherent if they reported missing any antiretroviral (ARV) doses during the past 7 days. In this sample, selfreported adherence was strongly correlated with an undetectable viral load at baseline (odds ratio = 2.09, P = 0.002).
Health care utilization outcomes, assessed over the past 9 months by participant self-report, included any overnight hospitalization and any emergency department (ED) visit not including hospitalization. Health outcomes included the SF-36 physical composite score (range: 0-100) measured via self-report; number of days where more than half the day was spent in bed, dichotomized as low (0-4) versus high ($5) (based on prior studies 27 ); and HIV disease progression, defined as time from enrollment to either an incident Category C opportunistic infection (OI) or AIDS-related mortality during longitudinal follow-up. OIs and mortality were assessed via retrospective standardized chart review at all sites. Death was considered AIDS-related if the cause of death was an OI (n = 12) or if the cause of death was unknown, but the most recent CD4 count before death was ,200 cells per cubic millimeter or a Category C OI was noted in the 12 months before death (n = 4).
Putative Mediating Variables
Coping styles were evaluated with 16 items from the Brief Cope. 28 Consistent with previous definitions, 12,28,29 we formed 2 scales of adaptive (positive reframing, using emotional support, acceptance, religion, active) and maladaptive (denial, self blame, and behavioral disengagement) coping styles, which were uncorrelated (P = -0.07) and had satisfactory internal reliability (Cronbach alpha = 0.74 and 0.72, respectively) in this sample.
Social support was assessed with the Medical Outcomes Study Social Support Survey, 30 and the Pearlin SelfEfficacy Scale was used to measure self-efficacy. 31 Both measures have high internal and construct validity. As previously described, 32 trust was represented by 2 scales created from Likert-scale questions: trust in the participant's HIV doctor and trust in the government. PTSD symptomatology for the 9 months before baseline was measured with the PTSD checklist 33,34 based on DSM-IV criteria that include re-experiencing a traumatic event, numbing/avoiding, and hyperarousal symptoms. This scale has strong reported reliability and correlates highly with a clinician-administered PTSD measure. Depressive symptoms were measured using the 6-item depression subscale of the Brief Symptom Inventory, 35 a shortened version of the well-validated Symptoms Checklist-90. Alcohol and drug use were measured by the widely used addiction severity index, with alcohol and drug addiction severity index composite scores calculated according to standard procedures. 36 
Statistical Analysis
We modeled dichotomous outcomes (any unprotected sex; any medication nonadherence; hospitalization; ED use; .4 days in bed) using logistic regression models, normally distributed outcomes (SF36 physical health score) using linear regression models, and time-to-event outcomes (time to HIV disease progression) using Cox proportional hazards regression models.
For each outcome, we fit the following series of models. Model 1 included only lifetime trauma history as a predictor, and thus estimated the crude association of trauma with the outcome. In model 2, we added following potential confounders: age, race, sex, educational attainment, and self-reported HIV transmission category (male-to-male sex, heterosexual sex, injection drug use, other, unknown) to estimate the total effect (path c), adjusted for confounding. In model 3, we added stage 1 mediators (Fig. 1) ; in model 4, we added stage 2 mediators; and in model 5, we added stage 3 mediators. For the HIV disease progression outcome, we added model 6 which included baseline CD4 count and duration of antiretroviral treatment as additional mediators. Thus the coefficients for lifetime trauma history in model 5 (or model 6 for disease progression) correspond to path c': the remaining direct effect after accounting for the hypothesized mediating pathways.
We calculated the mediation ratio as (c-c')/c, representing the proportion of the estimated total effect that is attributable to the mediators in the model. For logistic and Cox proportional hazards models, this ratio was calculated using the unexponentiated coefficients (log odds ratios and log hazard ratios). After Shrout and Bolger, 37 we used bootstrapping to obtain confidence intervals (CIs) around the mediation ratio, reporting the 2.5th and 97.5th percentiles of the mediation ratios from 1000 replications as the 95% CI. Also following Shrout and Bolger, we report estimated mediation ratios and 95% CI bounds of ,0% and .100% as 0% and 100%, respectively.
RESULTS
Sample Description
Participants in the CHASE Study were primarily between 30 and 50 years of age; approximately one-third were female and 44% were men who reported having sex with other men (Table 1) . Approximately two-thirds were of African American race and one-third were white nonHispanic. Participants had been infected with HIV for a mean of 6.8 years (standard deviation: 4.4 years). Three-quarters were on antiretroviral therapy, and 46% had an HIV RNA viral load ,400 copies per milliliter at baseline.
Distribution of Exposure and Outcomes
Participants reported a median of 3 types of lifetime traumatic experiences (range: 0-12; interquartile range: 1-4) ( Table 2 ). Twelve percent reported having had unprotected sex in the past 9 months, and 24% of those on ARVs reported having missed a dose in the past week. Twenty-six percent had been hospitalized and 39% had visited the ED. Participants' overall physical health was slightly worse than the US population average (median SF36 score = 48; US population mean = 50), and 33% had spent .4 days in bed in the past 9 months. HIV disease progression (incident OI or AIDSrelated death) was observed in 50 participants over a total of 1033 person-years of observation.
Unadjusted Associations
In bivariable models (model 1), greater lifetime trauma exposure was associated with all outcomes considered (Table 3) . Each additional type of lifetime trauma was associated with 18% (95% CI: 9% to 28%) increased odds of unprotected sex, 13% (3% to 24%) increased odds of ARV nonadherence, 12% (4% to 21%) increased odds of hospitalization, 14% (6% to 22%) increased odds of ED use, 13% (5% to 22%) increased odds of more than 4 days in bed, a 12% (0% to 24%) increased hazard of HIV disease progression, and a 0.8-unit (0.4-1.2) lower SF36 physical health score. These estimates shifted only marginally after adjustment for the potential confounders of age, race, sex, education, and self-reported HIV transmission category (model 2).
Mediation Analysis
In comparing the model adjusted only for confounders (model 2, path c) to the model additionally adjusting for all potential mediators (model 5 or model 6, path c'), the odds ratio for each additional type of lifetime trauma shifted from 1.17 to 1.18 (95% CI: 1.06 to 1.32) for unprotected sex, from 1.13 to 1.15 (1.02 to 1.29) for medication nonadherence, from 1.12 to 1.07 (0.97 to 1.18) for hospitalization, from 1.12 to 1.07 (0.98 to 1.17) for ED use, and from 1.13 to 1.06 (0.97 to 1.17) for .4 days in bed ( Table 3 ). The hazard ratio for HIV disease progression shifted from 1.10 to 1.12 (0.97 to 1.30). In modeling the SF36 physical health score, the coefficient for trauma shifted from -0.8 to -0.7 (-1.1 to -0.3) .
The mediation ratio for the combined effects of all putative mediators was 39% for hospitalizations, 41% for ED use, 50% for .4 days in bed, 12% for SF36 physical health scores, and ,0% for unprotected sex, medication nonadherence, and HIV disease progression. Bootstrapped 95% CIs around the mediation ratios were wide. Although point estimates for unprotected sex, medication nonadherence, and HIV disease progression shifted unexpectedly away from the null upon adjustment for mediators, these shifts were minor relative to the sampling uncertainty (CIs) around the estimates. For bed days, hospitalization, and ED use, the largest shift in point estimates was between models 3 and 4, with the addition to the model of the stage 2 mediator (recent stressful life events) ( Fig. 2A) . Point estimates for other outcomes changed little between models 2 and 5 (Fig. 2B) .
DISCUSSION
Two primary observations emerge from these analyses. First, in models designed to estimate the total effect of trauma on HIV outcomes (ie, adjusting for sociodemographic confounders but excluding potential mediators), greater lifetime exposure to traumatic experiences is associated with a wide 38, 39 Second, trauma history demonstrated persistent associations with this wide range of behavioral and health outcomes even after adjustment for a detailed set of hypothesized psychosocial mediators. Although about half of the association of trauma with health care utilization outcomes appeared mediated by psychosocial variables (in particular, recent stressful events), there was no evidence of psychosocial mediation for the associations between trauma and behavioral (sexual risk behaviors and medication adherence) or health outcomes (physical symptoms and HIV disease progression).
The observation that none of the proposed psychosocial mediators fully explains the association between lifetime trauma and HIV-related outcome variables suggests the consideration of other causal pathways. Behavioral and lifestyle-related factors not measured in this study that may help explain the effect of early trauma on later health and behaviors include effects of trauma on low self-esteem, dissociative symptoms, worse self-care behaviors such as nutrition and exercise, and predisposition to experiencing other traumatic situations such as intimate partner violence. [40] [41] [42] Some recent research also suggests that biological or neurological pathways may explain part of the effect of trauma on later health, for example, through dysregulation of the hypothalamic-pituitaryadrenal axis (eg, higher cortisol) and greater autonomic activation (eg, higher catecholamines). [43] [44] [45] [46] [47] [48] [49] Recent neuroimaging studies have also begun to document lasting changes in areas of the brain, specifically the amygdala, hippocampus, and prefrontal cortex, associated with traumatic stress. 50 Although this dataset was rich in psychosocial measures, it did not include markers of potential physiologic pathways such as cortisol 38 and natural killer cells 51, 52 that would have allowed a direct comparison of the explanatory power of psychosocial versus physiologic mediators. However, our study does make a significant contribution to the growing body of research, which suggests that the cumulative burden of lifetime trauma affects a variety of outcomes for individuals living with HIV. 6 By failing to fully explain our results based on a range of psychosocial mediators, it highlights the importance of further research to better understand the mechanisms through which trauma affects later health and health-related behaviors.
Strengths of this study include the large multisite sample, the consecutive sampling strategy, the longitudinal design, the detailed lifetime trauma history, and the wide range of psychosocial domains systematically assessed with validated measures. Although the sample is reflective of HIV patients in care in the southern United States, the results may not generalize to more urbanized parts of the country or to HIV-infected individuals not in medical care.
Psychosocial characteristics vary over time. The putative mediators may have had different values at the time they were measured for this study than at the time they would have exerted their mediating influence or may have been imprecisely measured by the scales selected. This measurement bias would tend to attenuate the associations of the mediators with the exposure and outcome variables, potentially underestimating the importance of the mediators' role. All mediators were measured at both baseline and 27 months, and the intraclass correlation coefficients for this set of variables between the 2 time points ranged between 0.41 and 0.59, suggesting moderate stability of the mediators over an extended time period. Measurement error may also have affected our self-reported measure of trauma history, most likely through omission of past events, although the severity of the experiences queried on the trauma assessment would tend to reduce such underreporting.
CIs around the mediation ratios were broad, reflecting the general low power of tests of mediation even in large samples such as this one. However, it is notable that even these broad CIs excluded complete mediation (mediation ratio of 100%) for medication adherence, unprotected sexual intercourse, and general health, suggesting that even if these psychosocial pathways explain part of the association of trauma with outcomes, at least part of the effect likely goes through other pathways.
In summary, the present study supports other research in documenting strong associations of past trauma with a wide range of negative health-related behaviors and health outcomes in HIV-infected patients. It additionally suggests that these associations are largely not mediated by a range of psychosocial characteristics including coping, self-efficacy, social support, trust, stressful events, and current mental health and substance abuse. Further research on the mechanisms through which trauma impacts later behaviors and health is essential to build effective interventions that will promote use of safer sexual practices, optimal antiretroviral medication adherence, and better health outcomes for HIVinfected patients.
